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Effective  population  size  as  a parameter  closely  correlating  with  the 
genetic  and  genotypic  diversity  of  the  seed  orchard  output  is  an  important 
indicator of seed orchard functioning. It is determined by the variation of male 
and female gametic contributions of parental genotypes (including those outside 
the  seed  orchard),  influenced  by  the  variation  in  male  and  female  gamete 
production, reproductive  phenology,  pollen dispersal within seed  orchard  and 
other factors. We assessed male and female fecundity, as well as temporal course 
of male and female flowering in two seed orchards of Pinus nigra ARNOLD and 
Fraxinus excelsior L. / F. angustifolia VAHL. in Slovakia. In both cases, male 
and female gametic contributions of plus-tree clones were modeled on the basis 
of fecundity and flowering phenology, and were used to calculate status number 
as an estimator of effective population size. 
In the seed orchard of Pinus nigra, marker-aided verification of clonal fidelity 
revealed unexpectedly high proportion of misplaced ramets (29.9%) and alien 
genotypes  (44.4%).  Monitoring  of  reproductive  processes  in  2002  and  2003 
showed high variation in both male and female fecundity, and pollen shedding 
preceding female receptivity in Pinus nigra. All these factors contributed to a 
very low relative status effective  number, representing  8.6% to  38.6%  of the 
population  census  (depending  from  the  management  option  in  relation  to 
misplaced and alien genotypes).  
In  the  mixed  seed  orchard  of  Fraxinus  excelsior  and  F.  angustifolia,  the 
proportion of misplaced and alien genotypes was much lower (22.4% and 12.3%, 
respectively). However, a high fecundity variation and protogyny resulted in a 
low relative status number (18.8% to 29.5% of the census number of clones) also 576                                                                                                             GENETIKA, Vol. 45, No.2,575-588, 2013 
in this seed orchard. Practical implications of these findings are shortly discussed 
and practical management options are proposed. 
Key words: B toxicity, oilseed rape, B concentration, nutrient solution, 
cluster analyses  
 
INTRODUCTION 
Seed  orchards  represent  an  important  source  of  forest  reproductive  material  worldwide 
(ALMQVIST et al., 2007). In Slovakia, seeds used in afforestation programs of several conifers, 
mainly European larch and pines, are almost completely derived from seed orchards. However, 
seed orchards have also become important source of seeds of broadleaved species, especially 
noble hardwoods. In contrast to seed stands, clonal seed orchards established from vegetative 
copies (ramets) of phenotypically selected or tested plus trees generally contain a limited number 
of genotypes. Specific attention thus needs to be paid to their functioning with regard to the 
design,  clone  identity,  reproductive  synchronization  of  clones,  clone-specific  and  temporal 
fertility  variations,  and  genetic  implications  of  these  phenomena.  Seed  orchards  need  to  be 
established and managed in a way allowing maximum genetic and genotypic diversity in the 
produced crops. 
In an ideal case, a seed orchard should possess features of a randomly mating Mendelian 
population:  for  any  pair  of  the  population  members,  their  mating  probability  should  be 
independent  of  their  genotypes  (equal  fertility,  absence  of  any  mating  preferences),  and  the 
viability of all produced offspring genotypes is expected to be equal. These features are not 
warranted, especially in clonal seed orchards. Only exceptionally clones are represented by equal 
numbers of ramets, and due to hereditary differences as well as technical aspects of grafting they 
typically differ in fecundity, what results in unbalanced production of male and female gametes. 
Flowering  phenology  is  another source  of  parental  imbalance:  differences  in  flowering time 
result in unequal probabilities of mating between particular parental pairs. Placement of clones 
frequently  differs  from  the  seed  orchard  plan  (at  least  in  Central  Europe,  see  GÖMÖRY  and 
PAULE,  1993;  GÖMÖRY  et  al.,  2000  etc.);  under  the  absence  of  truly  randomized  spatial 
arrangement and preferential mating of neighbours, some parental combinations may become 
overrepresented and other underrepresented in the seed crop. Finally, genetic incompatibilities 
(including self-incompatibility) may result in different viability of embryos of particular clone 
pairs. Naturally, this is primarily problem of angiosperms (i.e. broadleaved trees) with developed 
gametophytic or sporophytic self-incompatibility systems, such as Prunus avium, but sharing 
recessive  lethals  may induce postzygotic isolation also in conifers.  For instance,  viability  of 
Scots pine selfed embryos was observed to be only approx. 30% as compared to non-inbred ones 
(YAZDANI and LINDGREN, 1991).  
In  principle,  there  are  two  potential  broad-sense  approaches  to  the  assessment  of  the 
functioning of a seed orchard. The a posteriori approach is based on the comparison of genetic 
structures  of seed  orchard and its crop using  gene markers. Such studies may be especially 
efficient in conifers, where seeds contain diploid embryo derived from maternal and paternal 
gamete  contribution  and  a  haploid  megagametophyte  with  only  maternal  genes,  so  that  the 
identification of the haplotype of the pollen gamete is straightforward. However, in spite of a 
significant drop of prices and increasing automation of labwork during the recent years, marker 
studies remain too laborious and too expensive to be operationally performed on a large scale to 
provide information on the genetic structure of seed orchard crops for management decisions. E.MACHANSKA  et al:   EFFECTIVE POPULATION SIZE OF SEED ORCHARDS                                          577 
Technically and financially more affordable option is the a priori approach, associated with the 
assessment of mating patterns based on the measurements of fecundity, spatial arrangement of 
clones, and eventually flowering phenology. This approach is related to the estimation of various 
types of effective population sizes (based on a priori assumptions about the mating process).  
The concept of effective number in genetics relies on two components: the concept of an 
ideal population, which typically is a panmictic population (used as the basis for comparison), 
and  a  characteristic  variable,  which  relates  the  state  of  the  real  population  to  the  reference 
standard. In the case of effective population size, such variable may be inbreeding coefficient, 
coancestry, or variance of gene frequencies (GREGORIUS 1991). Specifically for seed orchards, 
LINDGREN et al. (1996) developed the concept of status (effective) number. This is based on the 
concept of group coancestry (Θ), representing the likelihood of identity by descent of two genes 
taken at random from the gene pool of a population. Status number is the defined as half the 
inverse of group coancestry (NS = 0.5/Θ), and measures the number of equally fertile clones in an 
ideal seed orchard that, after random mating in their offspring, produces the same amount of 
inbreeding  as  would  be  experienced  following  random  mating  in  the  present  seed  orchard 
progeny. A perfect overview of effective population numbers and their specific meanings in case 
of clonal seed orchard crops can be found in KJÆR and WELLENDORF (1997). 
This  study  compares  two  tree  species,  a  conifer  (gymnosperm)  and  a  broadleaf 
(angiosperm), which both are anemophilous but differ in reproduction systems. European black 
pine (Pinus nigra Arnold) was introduced to Slovakia in the 18
th century from Austria. Since the 
end of the 19
th century it has been massively used for the afforestation of eroded lands and 
extreme sites on south-exposed slopes with shallow soils, mainly on limestones and dolomites or 
volcanic bedrock. Less often it has been used for stabilizing erosion furrows in flysh regions. 
The net area of European black pine stands is around 10,000 ha, and most of them are located at 
elevations between 250 and 500 m a.s.l.  
The ash (Fraxinus sp.) is represented by two species of economical importance in Slovakia: 
Fraxinus excelsior L. is distributed mainly in the colline and montane forests, whereas Fraxinus 
angustifolia Vahl. is a component of hardwood riparian forests in the inundation zone of the 
Danube and Tisa rivers. Until very recently, these two species were not distinguished by the 
forestry  practice,  and  even  today  they  are  presented  together  in  the  local  forestry  statistics. 
Whereas European black pine is a hermaphrodite species where both male and female strobili are 
usually found on the same tree, in ashes, there is a complete confusion in sexes, where purely 
male, purely female, and hermaphrodite inflorescences and their mixtures can be found. 
To cover afforestation needs, five black pine seed orchards were established, out of which 
two were abandoned and other two give very irregular crops. Actually, only the seed orchard 
Čereš conforms to the requirements of the current legislation on forest reproductive material and 
provides majority of black pine seeds used in Slovakia for forestry purposes. For the ashes, three 
seed orchards exist in Slovakia, but only the seed orchard Trstice bears seeds. It was established 
to cover the need for ash seeds in the lowland and colline zones, and comprises a mixture of 
common ash and narrow-leaved ash clones. The species identity of clones was determined only 
after the orchard was established, however. Presence of the two ash species makes this orchard 
an interesting research site. On the other hand, the specific status of these two particular seed 
orchards as important sources of the reproductive material of the respective species underlines 
the urgent need of accurate information on their functioning for practical management decision-
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female fertility and phenological synchrony and their reflection in the effective population size 
of the seed orchards. 
 
MATERIALS AND METHODS 
Seed orchard of European black pine 
The seed orchard Čereš was established in 1984 in southern Slovakia at the altitude of 375 
m a.s.l. Originally, grafted ramets of 57 plus trees from Slovakia and Hungary were planted at 7 
× 8 m spacing. Supplanting of the ramets which died was done several times. In 2001, seed 
orchard contained 492 ramets. 
The  clone  identity  (clonal  fidelity)  of  ramets  in  the  orchard  was  verified  using  10 
polymorphic allozyme loci. The methodology of electrophoretic separation, staining of isozymes 
and zymogram interpretation followed HERTEL (1997), with modifications according to GÖMÖRY 
et  al.  (2003).  Isozyme  analyses  were  repeated  in  any  ambiguous  case  when  the  original 
zymogram was not clear enough for arbitrary genotyping. Because the original plus trees were 
no more available for genotyping, the clonal identity of ramets was verified indirectly as follows: 
Repetitive  genotypes  (two  or  more ramets  with  the  same  genotypes)  were considered to  be 
clones  of  plus  trees.  Genotypes  with  the  highest  proportion  among  ramets  ascribed  to  a 
respective clone in the original seed orchard plan were taken as the original clone. All other 
ramets were considered erroneously planted ramets, foreign clones or alien genotypes. A part of 
these ramets were re-classified to their original clones. Genotypes repeated in several ramets, 
which differed from the original clones, were considered additional clones (not registered in the 
seed orchard plan) which entered the orchard as a supplanting material. The remaining non-
repetitive genotypes were considered overgrown rootstocks or erroneously planted seedlings. 
Numbers and sizes of male strobili were scored in four consecutive years between 2001 and 
2004. The clusters of strobili were counted and their numbers were multiplied by the average 
number of strobili per cluster and average strobilus length assessed from 10 randomly chosen 
clusters per clone. Relative total strobili length was taken as an indicator of male fecundity. The 
cone crops of individual ramets were also scored between 2001 and 2004. Cones were counted, 
10 randomly chosen cones were weighed, seeds were extracted and proportion of full seeds was 
determined. The total full-seed yield calculated as a product of the number of cones and full-seed 
yield per cone was considered an indicator of female fecundity. 
Floral phenology was scored using the scales as described by GÖMÖRY et al. (2003) during 
2002–2004. In the first year, scoring was done once pre 2–3 days, the gained experience allowed 
increasing scoring intervals in the following years to 4–5 days. The relative female receptivity 
and/or  pollen  shedding  rate  attributed  to  each  phenological  phase  followed  GÖMÖRY  et  al. 
(2000). 
 
Ash 
The  seed  orchard  Trstice  was  established  in  2003in  southwestern  Slovakia  (Danube 
lowland), and contains 26 clones of F. excelsior and 22 clones of F. angustifolia. In total, they 
are represented by 541 ramets planted at a 5 × 5 m spacing. 
Species identity was determined according to FRAXIGEN (2005). Clone identity was verified 
using 8 nuclear microsatellite loci using the methodology of FRAXIGEN (2005). Classification of 
ramets  into  identity  classes  (correct  and  re-classified  genotypes,  additional  genotypes,  alien E.MACHANSKA  et al:   EFFECTIVE POPULATION SIZE OF SEED ORCHARDS                                          579 
genotypes) followed the same methodology and criteria as used in the seed orchard of European 
black pine. 
Flowering intensity was determined for each ramet in 2010 and 2011. Numbers of male and 
female flowers were counted in 5 inflorescences per ramet and averaged. Inflorescences were 
counted on a typical branch and multiplied by the number of branches per crown. The total 
number of flowers as a product of the number of flowers per inflorescence and the number of 
inflorescences was taken as a measure of male and/or female fecundity. 
Floral phenology was assessed using the methodology of FRAXIGEN (2005). Scoring was 
done at intervals of 3 to 5 days during the flowering season 2010. The proportions of pollen 
shedding or receptive flowers in the inflorescence were assessed on each scoring date. 
 
Statistical treatment and modelling 
For the assessment of the gametic contributions of individual clones, the model of ASKEW 
(1988) and XIE et al. (1994) was used. Relative gamete contribution (GCij) of the pair of ith male 
ramet and jth female ramet was estimated as:  
GCij = ∑k PipikOjojk/∑i∑j∑k PipikOjojk 
where Pi is the pollen gamete contribution of the ith ramet, Oj is the ovule contribution of the jth 
ramet  (black  pine  cones  need  two  years  for  development,  what  means  that  female  gametes 
produced in the spring develop into ripe seeds in the autumn of the following year; consequently, 
ovule production of the current year was estimated based on cone weight in the next year), pik is 
the relative pollen shedding rate of the ith ramet at date k, ojk is the relative receptivity of female 
flowers of jth ramet at date k. Gametic contributions were subsequently summarized by clones. 
In accordance with the methodology of GÖMÖRY et al. (2003), the number of viable zygotes 
produced by mating of jth female clone with ith male clone Zij was estimated as: 
Zij = gij Oj GCij/∑i GCij  
where gij is the average proportion of sound seeds of the jth clone when mating with clone i. The 
relative fitness of selfed zygotes compared to outcrossed ones in Pinus nigra was assumed to be 
similar to P. sylvestris, where it is approx. 35% (YAZDANI and LINDGREN, 1991) (i=j, gij=0.35; 
i≠j, gij=1). As no information on relative viability of selfed embryos in Fraxinus is available, 
relative fitness of selfed and outcrossed embryos was considered equal in this case (gij=1). 
Total proportion of female gametes contributed by the jth female clone was then calculated 
as  
fj = ∑i Zij  
whereas the total male gametic contribution of the ith male clone was assessed as  
mi = ∑j GCij  
For the calculation of effective population sizes, we considered three constellations: a) alien 
ramets were removed (what in fact should be done, but is improbable in practice); b) alien ramets 
were not removed, but no cones were harvested from them, i.e. alien ramets contributed by 
pollen but not by ovules to the formation of the seed orchard crop (a more realistic situation); 
and c) cones were collected from all ramets including alien ones, i.e. alien ramets contributed 
both by pollen and ovules to the formation of the seed orchard crop (a common situation in seed 
orchards,  since  isozyme  verification  of  clone  identity  is  performed  exceptionally).  As  a 
reference, we used an ideal seed orchard, where all clones are represented by equal number of 
ramets, contribute by equal amounts of ovules and pollen, are perfectly synchronized and ideally 
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ideally panmictic population so that the allelic structure of the parental generation would be 
identical with that of the crop. 
Group coancestry and status number of the seed orchard crop were estimated according to 
GÖMÖRY et al. (2000). 
 
RESULTS  
Seed orchard of European black pine 
Clone identification by allozymes revealed a considerable proportion of alien material. 
Out of flowering individuals, only 25.7% of ramets were placed correctly. In addition, 29.9% of 
ramets  of  the  original  57  clones  were  placed  on  wrong  positions.  Further  15.8%  of  trees 
represent 26 repetitive genotypes not belonging to any of the original 57 clones, they may be 
vegetative  progenies  of  additional  plus  trees.  The  remaining  28.6%  of  trees  possess  unique 
genotypes. 
As pine cones need two years for ripening, complete datasets for the estimation of male and 
female gamete contributions (phenology and fecundity measurements) were available for seed 
crops 2003 and 2004. The proportions of individual clones on the produced male and female 
gametes were unbalanced and differed between years. Variation coefficients of total male strobili 
lengths were 182% and 155%, whereas variation coefficients of full-seed yield were 193% and 
148% for seed crops of 2003 and 2004, respectively. 
The basic information on phenological synchronization of male and female flowering is 
provided by Fig. 1. Although relative pollen shedding and female receptivity rates are averaged 
over clones, a tendency towards earlier male flowering is clear in both years, especially in 2003. 
As the proportion of alien genotypes is extremely high, the effective population number was 
estimated  for  three  different  management  options:  (a)  cones  were  collected  from  all  ramets 
(census number is equal to the total number of genotypes), (b) alien ramets were not removed, 
but no cones were collected from them (census number is equal to the total number of genotypes, 
i.e. planned clones plus alien genotypes, since alien ramets contribute to pollination), (c) alien 
ramets were removed (census number of clones is equal to the planned number). In both years, 
male  and  female  contributions  of  alien  ramets  exceeded  50%  and  40%,  respectively.  Status 
effective number was higher in 2004 compared to 2003 under all constellations, probably due to 
less variable male and female flowering in 2004. Harvesting from all ramets (a) increased status 
number only slightly against exclusion of alien ramets from harvesting (b). 
 
Table 1 Status effective population number of the seed orchard Čereš 
Parameter  Situation 
  All ramets 
harvested 
Alien ramets not 
harvested 
Alien ramets 
removed 
  2003  2004  2003  2004  2003  2004 
Number of genotypes  219  219  219  219  57  57 
Group coancestry  0.021  0.011  0.026  0.013  0.037  0.023 
Status effective number  23.90  43.83  18.93  38.76  13.58  22.03 
Relative  status  effective  number 
(%) 
10.91  20.01  8.64  17.70  23.82  38.64 
Estimated self-fertilization rate  0.057  0.048  0.060  0.051  0.112  0.100 E.MACHANSKA  et al:   EFFECTIVE POPULATION SIZE OF SEED ORCHARDS                                          581 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 The course of average pollen shedding and female receptivity rates of clones in the European black 
pine seed orchard Čereš in 2002 and 2003 (related to cone crops in 2003 and 2004, respectively). 
 
Seed orchard of common and narrow-leaved ash  
Only  326  individuals  flowering  in  2010  (and  thus  contributing  to  the  seed  crop)  were 
verified by nSSR markers. Out of them, 65.3% were placed according to the seed orchard plan, 
and further 22.4% were classified to original clones. Only 4.3% represented repetitive unknown 
genotypes and 8.0% were unique genotypes. 
Phenology scoring in ash was based on the proportions of ripe flowers in the inflorescences. 
Unlike in European black pine, most clones were slightly protogynous. There is a slight temporal 
discrepancy of flowering between species. The peak of male flowering of F. excelsior is delayed 
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by approximately 10 days after the peak of female receptivity of F. angustifolia. However, the 
reciprocal relationship is well synchronized (Fig. 2). 
A complete dataset for the estimation of male and female gamete contributions of clones 
was available only for 2010. In this year, the proportions of clones on produce gametes were 
extremely unbalanced: coefficients of variation of clonal contributions were 192.8% for female 
flower counts and 190.1% for  male flowers. The five reproductively  most  successful clones 
contributed by 38.7% of produced female gametes and 37.7% of produced male gametes.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 The course of average proportions of pollen shedding and receptive female flowers of clones in the 
mixed ash seed orchard Trstice in 2010 
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Table  2  Summary  proportions  of  species  on  realized  male  and  female  gametes  in  the  seed 
orchard Trstice 
    Male contribution (%) 
    F. angustifolia  F. excelsior  Total 
Female  F. angustifolia  44.11  21.96  66.07 
contribution 
(%) 
F. excelsior  19.63  14.30  33.93 
  Total  63.74  36.26  100 
 
Common ash contributed by less gametes to the seed orchard crop than narrow-leaved ash 
(Table 2). The phenological barrier between species (Fig. 2) does not seem to be efficient. In the 
absence of interspecific genetic incompatibilities, a majority of F. excelsior seeds harvested in 
the seed orchard would have originated from interspecific crossings. 
Although seeds of ash species represented in Trstice seed orchard are currently harvested 
and  treated  separately,  the  seed  orchard  is  still  supposed  to  behave  as  a  single  population. 
Therefore, effective population size was calculated for the seed orchard as a whole (Table 3). In 
spite  of  much  less  alien  material  compared  to  the  seed  orchard  Čereš,  relative  effective 
population  sizes  (status  numbers)  were  low  in  all  three  situations  considered  and  were 
comparable to the values found in European black pine. 
 
Table 3 Status effective population number of the seed orchard Trstice 
Parameter  Situation 
  All ramets 
harvested 
Alien ramets not 
harvested 
Alien ramets 
removed 
Number of genotypes  78  78  46 
Group coancestry  0.0306  0.034  0.037 
Status effective number  16.35  14.70  13.58 
Relative status effective number (%)  20.96  18.85  29.53 
Estimated self-fertilization rate  0.059  0.064  0.070 
 
 
DISCUSSION 
Genetic marker studies performed during the past 30 years have considerably contributed to 
our  understanding  of mating  processes  in  seed  orchards.  They  generally  showed  only  small 
deviations of genotypic frequencies from the Hardy-Weinberg expectations and low levels of 
self-fertilization in conifer seed orchards (e.g., BURCZYK, 1998; TORIMARU et al., 2009). On the 
other  hand,  significant  shifts  in  allele  frequencies  between  seed  orchard  and  its  offspring, 
proving deviations from panmixis, have also been reported (GÖMÖRY and  PAULE, 1993). An 
important side effect of marker studies was reliable genotyping of ramets, proving that misplaced 
and alien ramets are quite common in seed orchards od all species (KAYA and ISIK, 2010). In 
Central-European seed orchards the proportion of alien material was sometimes high, up to 27% 
(GÖMÖRY and PAULE, 1993; GÖMÖRY et al., 2000), but never as shockingly high as in the seed 
orchard Čereš. The only explanation (although hardly acceptable for a breeder) is that European 
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means that the improvement aspect of a seed orchard is regarded as less important compared to 
commercially important species.  
There are several effective  population size estimators which can  be used in clonal seed 
orchard. The simplest is the effective number of clones, relying only on the variation in the 
numbers of ramets per clone, which means that it ignores other potential sources of parental 
imbalance, this is why most seed-orchard studies attempted to estimate them more precisely. 
Female-fertility variation can quite easily be assessed based on the number or weight of cones or 
seeds. Male fertility assessment is more complicated and usually relies on male strobili or male 
flower  scores;  in  spite  of  higher  labor  demands,  it  has  also  frequently  been  considered 
(KAMALAKANNAN et al., 2007; KANG and KIM 2012; KJÆR and WELLENDORF 1997). Less often, 
reproductive phenology was incorporated into the estimation (FUNDA et al., 2009, GÖMÖRY et al., 
2000, O’REILLY et al., 1982, XIE et al., 1994), because phenology scoring is laborious, time-
consuming and requires familiarity with the reproduction  phases of the studied tree species. 
There is no unanimity about the significance of phenology for reproductive success of clones in a 
seed orchard: ASKEW (1988), NIKKANEN (2001) or CODESIDO et al. (2005) underlined the effects 
of reproductive phenology on the genetic composition on seed orchard crops, but O’REILLY et al. 
(1982) consider phenology unimportant. Our study did not attempt to separate the effects of 
individual factors, but the temporal difference between the peaks of male and female flowering 
in both pine and ash seed orchards gives support to the former opinion.  
The current model does not count with several aspects of the mating process. No model of 
spatial  pollen  dispersal  was  included,  because it  requires  previous  studies  on  the shape  and 
parameters of the pollen dispersal kernel, which are not available. In Pinus nigra, data for P. 
sylvestris could  probably be applied without a substantial error, as pollen properties in both 
species  are  comparable,  but  no  data  on  local  pollen  dispersal  is  available  for  Fraxinus  sp. 
Moreover,  our  previous  experiment  with  pollen  trapping  in  a  Larix  decidua  seed  orchard 
indicated that pollen dispersal modeling is much more complicated compared to seeds, since 
pollen  movement  is  associated  with  turbulent  rather  than  laminary  air  currents  (KUĽKOVÁ, 
unpublished).  Actually,  the  effects  of  pollen  dispersal  should  be  irrelevant  in  a  properly 
established  seed  orchard  with  randomized  spatial  arrangement,  where  clones  are  planted  in 
different neighbourhood combinations at different places. This is, of course, not the case of the 
Čereš seed orchard with 30% of misplaced ramets. However, even when erroneous placing of 
genetically  identical  ramets  at  neighbouring  positions  may  cause  excessive  self-pollination, 
polyembryony,  which is  quite common  in  conifers,  may  mitigate such  effect.  Spatial  pollen 
dispersal can be more important under clonal-row design (EL-KASSABY et al., 2007). The effects 
of anisotropies in the pollen dispersal due to prevailing wind direction during the pollination 
season are difficult to assess and their incorporation in the modeling of the mating process is 
hardly possible in the a priori approach. 
Another  disregarded  aspect  is  pollen  contamination.  No  specific  study  of  background 
pollination rates has been performed in either of the investigated seed orchards. However, as 
mentioned in the introduction, European black pine plantations are scattered over the southern 
part of the territory of Slovakia. Although the seed orchard Čereš is also situated in this area, 
there  are  no  large  complexes  of  black  pine  stands  in  the  surroundings,  so  that  low  pollen 
contamination rates are to be expected. The same applies to ash. Again, seed orchard Trstice is 
located in the lowland, where hardwood forests with F. angustifolia occur both naturally and are 
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by poplar plantations. No larger forest complexes containing substantial proportion of any ash 
species occur in the vicinity of the Trstice seed orchard, which could eventually be sources of 
background pollination. 
Finally, potential genetic incompatibilities could also not be taken into account. Although 
the  mechanisms  of  self-incompatibility  in  Fraxinus  sp.  are  not  exactly  known,  selfing  in 
hermaphrodites is only partially successful (DOMME et al., 1999; MORAND-PRIEUR et al., 2003), 
what indicates the existence of either prezygotic autoincompatibility or sharing of lethal alleles. 
The latter postzygotic crossing  barrier is  known to be  operating in conifers including  pines. 
However, the effects  of sharing S-locus alleles  or lethal  genes are expected to be randomly 
distributed over the parental pairs, so that even though they may slightly decrease genotypic 
diversity in the seed orchard crop, they do not affect status effective number. 
The presented effective population number estimates in the Čereš seed orchard are lower 
compared to what has been reported from clonal seed orchards of conifers. Of course, the nature 
of the estimator used also plays a role. In a study of KANG et al. (2001) based on data from over 
250 conifer seed orchards, the relative effective number of clones (taking into account only the 
variation in the ramet numbers per clone) ranged between 20% and 100% of the population 
census, with an average of 74%. When fertility variation was considered, effective population 
size estimates ranged from 60% to 93% in Scots pine (MUONA and HARJU, 1989), and from 22% 
to 91% in pine species of East Asia (KANG and LINDGREN, 1998; CHOI et al., 2004). A study on 
Scots pine considering also phenological variation and spatial pollen dispersal showed values 
between 48% and 72% (GÖMÖRY et al., 2000; related to the planned number of clones), which is 
still substantially more than in Čereš. 
The question of an appropriate management regime for such seed orchards remains open. 
Big interannual fluctuations of the status number indicate that mixing crops of different years is 
recommendable as it would increase parental balance. Harvesting cones from alien ramets, and 
even leaving alien ramets in the Čereš seed orchard leads to a substantial contamination of the 
gene pool of the seed crop by genes of parents of unknown phenotype. The first reaction of a tree 
breeder  would  be  removing  all  material  of  unknown  or  suspected  identity.  However,  with 
absolute effective size of the orchard of 13 to 22 individuals, there is not much space for this 
type of thinning (cf. ISAJEV et al., 2009). The potential adverse impact of the admixture of alien 
clones  is  compensated  by  increased  genetic  diversity  of  seed  orchard  crops,  which  might 
eventually  be  useful,  taking  into  account  strong  selection  pressures  on  sites  where  the 
reproductive material is used. A higher number of unrelated genotypes (although of questionable 
breeding value) may help to avoid undesirable bottleneck effects due to a limited initial number 
of  seed  parents.  Available  seed  stands  (as  another  option for procuring  black  pine  seeds in 
Slovakia) are stands with unknown history, which may be offsprings of a limited number of seed 
parents; this is an argument for further use of such a seed orchard. The problem of species 
mixture in the seed orchard Trstice is more serious, as ecological requirements of F. excelsior 
substantially differ from those of F. angustifolia. The current practice here is collecting and 
using seeds of each species separately. Our results indicate that there is a broad potential for 
interspecific  hybridization,  hybrids  may  constitute  more  than  40%  of  the  seed  crop.  It  was 
proved that these species are crossable (RAQUIN et al., 2002), but a gene-marker study would be 
necessary to assess the real extent of interspecific crossing before drawing any conclusions and 
recommendations towards the future of this seed orchard. 
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Izvod 
U  semenskim  rasadnicima  Pinus  nigra,  korišćenjem  markera  vršena  je  verifikacija  vernosti 
klonova i dobijeni rezultati su pokazali  visoku proporciju izgubljeni jedinki (29.9 %)  u odnosu 
na drugie genotipove (44.4%).   Kontrolom reproduktivnih procesa u toku 2002 i 2003 godine 
utvrđeno je visoko variranje  kod oba pola na različitim nadmorskim visinama i ranije cvetanje 
kod  muških  jedinki  u  odnosu  na  ženske  jedinke  kod Pinus  nigra.  Utvrđeno  je  da  ispitivani 
faktori  doprinose  veoma  niskom  relativnom  statusu  efektivnog(  8.6%  to  38.6%)  cenzusa 
populacije. U mešovitim rasadnicima Fraxinus excelsior i F. angustifolia, odnos izgubljenih i 
drugih genotipova je bio znatno niži (22.4% i 12.3% ). Međutim visoko variranje formiranja 
plodova i potomstva ima za rezultat brojčano nizak relativni odnos klonova (18.8% do 29.5% 
cenzusa broja klonova) u istim rasadnicima. 
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